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<g> Microbial expression of type 1 transforming growth factor, polypeptide analogs thereof and hybrid EGF/TGF polypeptides. 

@ Disclosed is the manufacture of DNA sequences compris- 
ing structural genes coding for (1) a polypeptide having the 
amino acid sequence and properties of Type I Transforming 
Growth Factor; (2) polypeptide analogs of Type l Transforming 
Growth Factor which differ from the naturally-occurring forms 
in terms of the identity and/or location of one or more amino 
acids, e.g.. [Phe 15 ] rTGF, and (Asp 7 ) rTGF; and (3) hybrid poly- 
peptides including, e.g. part or ail of the Type I TGF amino acid 
residue sequence and part or all of the EGF amino acid residue 
1 sequence. 
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"MICROBIAL EXPRESSION OF TYPE I TRANSFORMING GROWTH 
FACTOR, POLYPEPTIDE ANALOGS THEREOF AND HYBRID EGF/TGF 
POLYPEPTIDES" 



BACKGROUND 



The present invention relates generally to the 
manipulation of genetic materials and, more particularly, 
to the manufacture of specific DNA sequences useful in 
recombinant procedures to secure the microbial expression 
15 of Transforming Growth Factor, of polypeptide analogs 
thereof, and of hybrid polypeptideo comprising portions 
of the sequence of amino acid residues of Transforming 

Growth Factor. 

Ordinarily, normal mammalian cells (including 

20 cells explanted from tiflsue or cell lines) only grow in 
monolayers and will not grow in soft agar because the 
cellc require a solid support to which they can attach. 
However, the transformed phenotype, i.e., loss of density 
dependent inhibition of cell growth in monolayer culture, 

25 overgrowth in monolayer culture, characteristic change 
in cellular morphology and acquisition of anchorage- 
independent growth, can be conferred on normal mammalian 
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cells by one or more members of a family of mammalian 
polypeptide growth factors, Transforming Growth Factors 
(TGFs) . 

Polypeptides with the properties of TGFs have 
been secreted by and partially purified from tumor cells 
of different origins, e.g., rat embryo fibroblasts trans- 
formed by murine leukemia virus [Twardzik, d.r. , et al., 
Science, 216, 894-897 (1982)]; cells of the human meta- 
static melanoma cell line A2058 rMarquardt, H. , et al., 
J. Biol. chera . .. , 257, 5220-5225 (1982)]; and, Moloney murine 
sarcoma virus-infected mouse 3T3 cells [DeLarco, J., 
et al " J.Biol.Chem.. 255 , 3685-3690 (1980)]. intra- 
cellular forms of TGPs have also been detected in tumor 
cells in culture and in vivo [Roberts, a., et al., 
PNAS (USA) , 77, 3494-3498 (1980)]. 

TGPs have been classified into several cate- 
gories on the basis of their biological and physical 
properties. The only category of TGP which has been 
characterized to an appreciable degree is referred to 
aa JL?gg^a^ . 
In addition to promoting growth of tumor cells, having 
the ability to reversibly induce a transformed phenotype 
in normal fibroblasts and epithelial cells when grown 
in tissue culture, Type I TGP competes with epidermal 
growth factor (EGF) for binding to cellular EGP receptors. 
[Harquardt, H. , et al., PNAS PSA , 80: 4684-4688 (1983)]. 

Type I TGP is functionally related to epidermal 
growth factor ("EGP", "urogastrone") and shares several 
common properties, it is approximately the same size 
as EGP, having about fifty amino acids and an estimated 
molecular weight of 7,400 daltons determined by SDS 
polyaorylamide gel. Like EGP, Type I TGP has six 
cysteines in positions analogous to those in EGP which 
form three disulfide bridges. [See, M arg ua r dt, 
J.Biol.Chem. . supra, at 5224]. Unlike EGP, however, Type 
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I TGF is found in cell lines with the transformed pheno- 
type, while EGF 1b found only in non-transformed cell 
types. Type I TGF expression, unlike that of EGF, 
appears to be correlated with the expression of an active 
5 oncogene. 

At the filing date (November l p 1983) of appli- 
cants 1 above-identified parent application, amino aoid 
eequences for Type I TGF isolated from cell lines estab- 
lished from solid tumors in mice, rats and humans were 
10 only partially identified in the literature. Portions 
of the polypeptides for which sequences were published 
were determined to be nearly identical, with all identi- 
fied residues in mouse and rat Type I TGF being identical 
through amino acid number 40. [Marquardt, et al., 
I 5 PWAS USA , supra at 4686] • 

until recently, the human Type I TGF sequence 
was incomplete (at least two variations from mouse and 
rat Type 1 TGF within the first 34 amino acids were known 
and four other residues were only tentatively identified? 
20 the sequence beyond position number 34 was unknown). 

The complete human Type I TGF sequence was disclosed by 
Derynk, et al., Cell , 38* 287-297 (August 1984), and 
is set out below. 

I 5 10 

25 val Val Ser His Phe Asn Asp Cys Pro Asp Ser His Thr 

15 20 25 

Gin Phe Cys Phe His Gly Thr Cys Arg Phe Leu Val Gin 

30 35 
Glu Asp LyB Pro Ala Cys Val Cys His Ser Gly Tyr val 

30 4Q 45 50 

Gly Ala Arg Cys Glu His Ala Asp Leu Leu Ala 

A partial amino acid sequence for rat Type I 
TGF was reported by Marquardt, et al., phas USA, 80 t 
4684-4688 (1983), which provided the sequence up to amino 

35 acid residue 43, with no residues identified at positions 
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26, 30,, 3«, 40 and 42. L.Rood and his co-Investigators 
at the California Institute of Technology reported the 
identity of the amino acid residues at 26, 30, 36, 40 
and 42 aiu3 generation of the remaining sequence from 
5 amino acl-3 44 to 50 in September 1983. The complete rat 
Type I TGF sequence was thereafter presented during the 
Eleventh Conference on cell Proliferation and Cancer, 
entitled *The Cancer Cell", held at Cold Spring Harbor 
Laboratories, Cold Spring Harbor, New York, on September 
10 8^13, 1983, by George J. Todaro in the "Growth Factors" 
segment of the conference. The more recent publication 
by Marquardt, et al., Science , 223 t 1079-1082 (1984) sets 
out the complete sequence below* 

1 5 io 

15 val val ser His Phe Asn x,ys Cys Pro Asp Ser His Thr 

15 20 25 

Gin Tyr Cys Phe His Gly Thr Cys Arg phe Leu Val Gin 

30 35 
Glu Glu Iys pro Ala Cys Val Cys His ser Gly Tyr Val 

20 

40 45 50 

Gly Val Arg Cys Glu His Ala Asp Leu Leu Ala 

If available in large quantities in biologic- 
ally active form, Type I TGF of the sequences noted above 
(as well as polypeptide analogs thereof) would have a 

25 number of clinical and research uses. Type I TGF could 
be employed to raise antibodies, useful in diagnostic 
tests, e~g,, RlAs, to detect or characterize the presence 
of maligsant tumors which secrete Type I TGF, or to 
potentially aid in the immunization of animals against 

30 establishment or progression of such tumors. The amino 
acid sequence for rat Type I TGF is sufficiently 
homologous to the human Type I TCP sequence (i.e., 92% 
homology) that antibodies to rat Type I TGF are expected 
to cross-react with human Type I TGF. Thus, human 

35 tissue, blood or urine could be screened for the presence 
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cf malignant tumors employing antibodies to tat Type I 
TCP* Similarly, synthetic production of large quantities 
of Type I TGF could permit the development of a general 
screen for the detection of subclinical tumors and a 
5 method for monitoring treatment efficacy in patients 
undergoing treatment for cancer. 

Further, when employed as an additive to cell 
culture media Type 1 TGF has potential utility in 
promoting growth of refractive cell types and may poten- 

10 tially have the capacity to permit growth of large cell 
cultures in vitro for a variety of medical or research 
purposes. As an example, one potential use for Type I 
TGF and polypeptide analogs thereof could be to replace 
EGF as a constituent in media designed to stimulate 

15 growth of large cultures of epithelial cells for skin 

grafts and the like [See, Teao, M., et al., J, Cell .Phys. , 
HO i 219-229 (1982) ]. 

Additionally, tests are currently ongoing to 
find ways to take advantage of the common properties of 

20 EGF and Type 1 TGF to maximize their therapeutic poten- 
tial, i.e., to improve healing of severe wounds, and the 
like. [See, e.g., Chemical Week , Sept. 28, 1983, pages 
40-481. 

Application of recombinant DNA techniques to 
25 production of human EGF has been the subject of substan- 
tial investigation by applicants. The manufacture of 
genes coding for microbial expression of EGF and EGF 
analogs is described in their co-owned, co-pending U.S. 
Patent Application Serial No. 486, 091 f entitled "The 

30 Manufacture and Expression of Genes Coding for Urogas- 
trone and polypeptide Analogs Thereof , filed April 25, 
1983; and the disclosures of said application are specif- 
ically incorporated by reference herein. See also, 
European patent Application No. O 046 039 published 

3 5 February 17, 1982. 
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Thus far Type I TGF has been isolated from 
tumors of a variety of origins in microgram amounts by 
costly and time-consuming chemical procedures including 
fractionation, gel permeation chromatography and reverse 
5 phase higli pressure liquid chromatography. The first 
public report of the use of recombinant dna techniques 
for the manufacture, cloning and expression of structural 
genes for Type j TGF occurred after the filing date of 
applicants 1 parent U.S. Application Serial No. 547 , 484 

10 in Derynk, et al,, supra. No report of use of such tech- 
niques to create polypeptide analogs thereof has occurred 
to date. Nor have there been any published reports of 
attempts to generate "composite" or "fused" or "hybrid" 
polypeptides possessing, in part, the biochemical and 

15 immunological properties of EG? and, in part, the bio- 
chemical and immunological properties of Type I TGF* 

There thus continues to be a need in the art 
for fully operative methods and materials suitable for 
use in the large-scale production of pure, biologically 

20 active Type I TGF/ polypeptide analogs thereof, and 

hybrid polypeptides comprising portions of the amino acid 
residue sequences of EGF and Type I TGF. 



BRIEF SUMMARY 

25 

Provided by the present invention are manufac- 
tured genes capable of directing synthesis, in a selected 
host microorganism, of ^pe I Transfer m i n g Growth Facto r • 
In preferred forms of manufactured genes of the invention, 

30 the base sequence codes for a polypeptide duplicative 
of either human or rat species Type I TGF ("hTGF" and 
"rTGF") and includes one or more codons selected from 
among alternative codons specifying the same amino acid 
on the basis of preferential expression characteristics 

35 for the codon in a projected host microorganism, e.g«, 
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g.coli * other preferred forms of manufactured genes 
include those wherein there is provided a base codon 
specifying an additional amino acid residue in the poly- 
peptide encoded which facilitates the direct expression 
5 in E»co li organisms (e.g., an initial Met residue). 

in still other preferred forms of manufactured 
genes, the sequence of base codons specifying the desired 
polypeptide is preceded by and/or followed by and/or 
includes one or more sequences of bases facilitating 
10 formation of expression vectors or generation of new 

structural genes for polypeptide analogs, i.e., sequences 
of bases providing for termination of transcription, or 
for promoter /regulator regions, and/or sequences of bases 
providing for selected restriction endonuclease cleavage 
15 sites on one or both ends of the structural gene or at 
intermediate positions therein, preferably sequences 
at one or both ends of the structural gene code for 
restriction endonuclease enzyme recognition sites which 
occur only once in the vector in which the gene is to be 
20 inserted, intermediate sequences in the gene desirably 
code for restriction endonuclease enzyme recognition 
sites unique to the gene itself as well as not present 
in any vector construction. 

Also provided by the present invention are 
25 manufactured genes capable of directing the microbial 

expression of Type I Transforming Growth Factor polypep- 
tide analogs which differ from Type I TGF in terms of 
the identity and/or location of one or more amino acid 
residues, specific polypeptide analogs according to the 
30 invention include, e.g-, [Asp 7 ] rTGFj IPhe 15 ] rTGFj 
[Ala 41 ] rTGFj and [Asp 28 ] rTGF , which analogs more 
closely approximate the human Type I TGF sequence 

As a further aspect of the present invention, 
there are provided genes comprising manufactured Type 
35 I TGF genes and gene fragments according to the inventic 
fused to a second gene or gene fragment which itself is 
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capable of directing synthesis of a second biologically 
active polypeptide (e.g., urogastrone, epidermal growth 
factor, -EGF-) in a manner permitting the microbial 
expression of a fused or hybrid polypeptide including 
a part or all of Type I Transforming Growth Factor poly- 
peptide or polypeptide analog and a part or all of a 
second polypeptide BUC h as EG*. Exemplary hybrid poly- 
peptide products of such manufactured genes include the 
hybrid polypeptides designated "rTGF, -,/hEGF 
-hEGF 1 _3 1 ATGF 33 _ 50 - / "hTGF /hEGF," and"" ' 

■hWF 1 .3 1 /b TO F 3 3, S0 -. 53 

In practice of the invention to generate poly- 
peptide products, manufactured DNA sequences are inserted 
into viral or circular plasmid DNA vectors to form hybrid 
vectors and the hybrid vectors are employed to genetic- 
ally transform host microorganisms such as bacteria 
(e.g., B.coli) or yeast cells. The genetically trans- 
formed microorganisms are thereafter grown under appro- 
priate nutrient conditions and express the polypeptide 
products of the invention. 

Also encompassed by the present invention is 
the development of antibody substances generated to the 
Type I TGF polypeptides described herein and to polypep- 
tide analogs and fragments thereof. 

Other aspects and advantages of the present 
invention will be apparent upon consideration of the 
following detailed description thereof. 

DETAILED DESCRIPTION 
As employed herein, the terra "manufactured" as 
applied to a DNA sequence or gene shall designate a prod- 
uct either totally chemically synthesized by assembly of 
nucleotide bases or derived from the biological replica- 
tion of a product thus chemically synthesized. As such, 
the term is exclusive of products "synthesized" by cDNA 
methods or genomic cloning methodologies which involve 
starting materials which are initially of biological 
origin. 
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The following abbreviations shall be employed 
herein to designate amino acids: Alanine, Ala; Arginine, 
Arg; ABparagine, Asn; Aspartic acid, Asp; Cysteine, Cys? 
Glutamine, Gin; Glutamic acid, Glu; Glycine, Gly; 
5 Histidinv, His; I90leucine, lie; Leucine, Leu; Lysine, 
Lys; Methionine, Met; Phenylalanine, phe; Proline, Pro; 
Serine, Ser; Threonine, Thr; Tryptophan, Trp; Tyrosine, 
Tyr; valiae, Val. The following abbreviations shall be 
employed for nucleotide bases: A for adenine; G for 
10 guanine; T for thymine; U for uracil; and C for cytosine. 

For ease of understanding of the present Inven- 
tion, Table I below provides a tabular correlation 
between the 64 alternate triplet nucleotide base codons 
of DNA and the 20 amino acids and transcription termina- 
ls tion ("stop") function specified thereby, 

TABLE I 

»os»xo H SEC0ND P0SITI0N poS55h 



20 



25 



30 



35 





T 


C 


A 


G 








Phe 


ser 


Tyr 


Cys 


T 






Phe 


Ser 


Tyr 


Cys 


c 




T 


Leu 


Ser 


Stop 


Stop 


A 






Leu 


ser 


stop 


Trp 


G 






Leu 


pro 


His 


Arg 


T 






Leu 


Pro 


His 


Arg 


C 




C 


Leu 


pro 


Gin 


Arg 


A 






Leu 


pro 


Gin 


Arg 


G 






lie 


Thr 


Asn 


Ser 


T 






lie 


Thr 


Asn 


Ser 


C 


r 


A 


lie 


Thr 


Lys 


Arg 


A 






Met 


Thr 


Lys 


Arg 


G 






val 


Ala 


Asp 


Gly 


T 






Val 


Ala 


Asp 


Gly 


C 




G 


val 


Ala 


Glu 


Gly 


A 






Val 


Ala 


Glu 


Gly 


G 
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The manufacture of structural genes according 
to the present invention ia preferably carried out 
according to the procedures disclosed in the co-owned, 
co-pending U.S. Patent Application Serial No* 375,493, 
5 filed May $, 1982 by Yitshak Stabinsky, entitled "Manu- 
facture and Expression of Structural Genes" [pct inter- 
national Publication No, WO83/04029, published November 
24, 1983], which application is incorporated by reference 
herein for the purpose of describing the steps of the 
10 procedure. 

The following examples illustrate practice of 
the invention in the manufacture of the DNA sequences 
coding for microbial expression of Type I hTGF# Type i 
rTGF, polypeptide analogs thereof, and Type I TGF/EGF 

15 hybrid polypeptides. Also illustrated is the construc- 
tion of expression vectors for direct expression of 
desired polypeptides. 

The following example is directed to the gen- 
eral procedure employed in the synthesis of oligonucleo- 

20 tide fragments for the manufacture of structural genes 
according to the invention. 

EXAMPLE 1 

25 Oligonucleotide fragments were synthesized 

using a four-step procedure and several intermediate 
washes. Polymer bound dimethoxytrityl protected nucle- 
oside in a sintered glass funnel was first stripped of 
its S^protecting group (dimethoxytrityl) using 3% 

30 trichloroacetic acid in dichloromethane for 1-1/2 minutes. 
The polymer was then washed with dichloromethane and 
acetonitrile. The washed polymer was then rinsed with 
dry acetonitrile, placed under argon and treated in the 
condensation step as follows. 0.5 ml of a solution of 

35 io mg tetrazole in acetonitile was added to the reaction 
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vessel containing polymer. Then 0.5 ml of 30 rag protected 
nucleoside phoaphoramidite in acetonitrile was added. 
This reaction was agitated and allowed to react for 2 
minutes. The teactants were then removed by auction and 
5 the polymer rinsed with acetonitrile. This was followed 
by the oxidation step wherein 1 ml of a solution con- 
taining 0.1 molar 1 2 in 2-6-lutidine/H 2 0/THF, 1i2i2, was 
reacted with the polymer bound oligonucleotide chain for 
10 Beconda, Following a THF rinse capping of unreacted 
10 nucleotides was done using a solution of dimethylamino- 
pyridine (6.5 g in 100 ml THF) and acetic anhydride, 
2,6-lutidine (1:1) in the proportion 4:1 for 2 minutes. 
This was followed by a methanol rinse and a THF rinse. 
Then the cycle began again with a trichloroacetic acid 
15 in CH 2 C1 2 treatment. The cycle was repeated until the 
desired oligonucleotide sequence was obtained. 

The final oligonucleotide chain wao treated 
with thiophenol, tr iethylamine , dioxane (ltl :2) , for 45 
minutes at room temperature. Then, after rinsing with 
20 dioxane, methanol and diethylether , the oligonucleotide 
was cleaved from the polymer with concentrated ammonia 
at room temperature. After decanting the solution from 
the polyaer, the concentrated ammonia solution was heated 
at 60°C for 16 hours in a sealed tube. 
25 Each oligonucleotide solution was then extracted 

four tiwes with l-butanol. The solution was loaded into 
a 20% polyacrylamide 7 molar urea electrophoresis gel 
and, after running, the appropriate product band was 
isolated. 

30 The following example is directed to the manu- 

facture of structural genes coding for" Type I TGF and 
also illustrates the manner in which structural genes 
for polypeptide analogs thereof may be prepared. 

35 
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EXAMPLE 2 



Fourteen specific deoxyoligonucleotides 
(numbered 1 through 14) were synthesized according to 
the procedures of Exaraple l. The oligonucleotides were 
purified by polyacrylaraide gel electrophoresis and were 
then phosphorylated at the 5» ends using ATP and t 
polynucleotide kinase in a standard reaction using^ne 
nanoraole of DNA, a two fold excess of ATP and l unit of 
T 4 kinase in 20 pi of buffer made with 50 mM hydroxyethyl- 
piperazine ethane sulfonic acid, 10 mM MgCl 2 , 10 mM 
ditbiothreitol, p h 7.6. After reaction, the kinase was 
destroyed by boiling for 5 minutes. These phosphorylated 
oligonucleotides in the buffer were then used directly 
for ligation. 

The oligonucleotides in 20 Ml standard buffer 
were combined to form short duplexes. Each duplex was 
formed by combining two complementary sequences in 
equimolar amounts, boiling the mixture, then slow cooling 
over a 1/2 hour period to room temperature, m this way, 
seven duplexes were formed. 

These seven duplexes were combined sequentially, 
annealing each set of duplexes at 37«C for 5 minutes until 
the final structural gene was in a single tube ready for 
ligation. The oligonucleotide mixture was then made 150 
nmolar in ATP and treated with 84 units of t,dna ligase 
for 16 hours at 4»C. The fully ligated structural gene 
was then purified by polyacrylaraide gel electrophoresis. 

Table II below Illustrates the finally assem- 
bled structural gene coding for direct microbial expres- 
sion of a polypeptide having the primary structure of 
rat Type I TGF. 
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TABLE II 

-1 123456789 
Met Val Val Ser His Phe Asn Lys Cys Pro 

v — 1— , 2 

5'-G CAG k'i-G GTA GTT TCT CAT TTC AAC AAA TGC CCG 
3«-GTC TAC CAT CAA AGA GTA AAG TTG TTT ACG GGC 
\ -8 1 

Ncol 

10 11 12 13 14 15 16 17 T8~ 19 20 21 22 23 



30 



10 


GAC 
CTG 


TCT 
AGA 


— — l 

CAC 

GTG 


ACT 
TGA 


CAG 
GTC 
.-.-I — 


TAC 
ATG 


3 

TGC 
ACG 


TTC CAT 
AAG GTA 
10— 


GGT ACT 
CCA TGA 


TGC 
ACG 


CGT 
GCA 
1— 


TTC 
AAG 






-9 
























24 


25 
Val 


26 

Gin 


27 
Glu 


28 
Glu 


29 
Lya 


30 
Pro 


SphI 
31 3? 33 34 
Ala Cys Val Cys 


35 
His 


36 
Ser 


37 
Gly 


15 


CTG 
GAC 


^ 

GTA CAG 
CAT GTC 


GAA 
CTT 


GAG 
CTC 


AAA 

TTT 


CCG 
GGC 
» 


GCA TGC 
CGT ACG 


GTA TGC 
CAT ACG 
12 


CAT 
GTA 


TCT 
AGA 


T" 

GGT 
CCA 






1 J 


L 






















38 
Tyr 


39 
Val 


40 

Gly 


41 

Val 


42 

Arg 


43 
Cyo 


44 

Glu 


45 46 

His Ala 


Bglll 
Asp Leu 


49 

Leu 
7 


50 
Ala 




20 


TAC 
ATG 


GTT 
CAA 


— — 
GGC 
CCG 


6 

GTA 
CAT 


CGT 
GCA 


TGC 
ACG 


GAA 
CTT 
-13- 


( 

CAT GCA 
GTA CGT 


GAT CTG 
CTA GAC 
1 


CTG 
GAC 
—14- 


GCT 
CGA 


TAA 
ATT 



Sail 

TAG 1 

ATC AGC T 
I 



25 Table III below illustrates the finally 

assembled structural gene coding for direct microbial 
expression of a polypeptide having the primary structure 
of human Type I TGF. 

TABLE III 



BaffiHl -1 1234567 8 9 
Met val val Ser His Phe Asn Asp Cya Pro 
! , 2* 



5»-G ATC CAG ATG GTA GTT TCT CAT TTC AAC GAC TGC CCG 
3" -GTC TAC CAT CAA AGA GTA AAG TTG CTG ACG GGC 
I— 8- 1 — 



35 
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TABLE hi (continued) 

10 11 12 13 14 15 16 17^1* 19 20 21 22 23 
Asp^Ser Hie Tbr Gin Phe Cys phe His Gly The Cys Arg Phe 

5 GAC TCT CAC >:CT CAG TTC TGC TTC CAT GGT ACT TGC CGT TTC 
CTG AGA GTG TGA GTC AAG ACG AAG GTA CCA TGA ACQ GCA AAG 
9 — 4 — 1 0 : ■ 

24 25 26 27 28 29 30 31^1 33 34 35 36 37 
Leu Val Gin Glu Asp Lye Pro Ala Cys Val Cys His Ser Gly 

■ 4 —j ,- ■ 5- , ~_ 

10 CTG GTA CAG GAA GAC AAA CCG GCA TGC GTA TGC CAT TCT GGT 
GAC CAT GTC CTT CTG TTT GGC CGT ACG CAT ACG GTA AGA CCA 
11 — — < —12 

BglH 

38 39 40 41 42 43 44 45 46 4 7 46 49 50 

Tyr Val Gly Ala Arg Cys Glu His Ala Asp Leu Leu Ala 

6 j 7 

15 TAC GTT GGC GCA CGT TGC GAA CAT GCA GAT CTG CTG GCT TAA 
ATG CAA CCG CGT GCA ACG CTT GTA CGT CTA GAC GAC CGA ATT 
* 13— 1 1 4 

Sail 



20 



TAG 1 

ATC AGC T 
I 



included in each Table is the numbered sequence 
of amino acid residues specified when the DNA sequence is 
suitably inserted within a microbial expression vector. 
Bach polypeptide sequence is thus seen to comprise the 
25 series of fifty amino acids of naturally-occurring rat 
and human Type I TGF together with an initial methionine 
residue (at position -1). 

In the Tables, codons specifying each amino 
acid are aligned below the designation of the residue 
30 specified. Bracketed regions in the DNA sequence indi- 
cate the fourteen separate oligonucleotides initially 
formed and also designate the intermediate duplexes {e.g., 
1 and 2, 3 and 4, etc.). Wherever consistent with the 
procedures for construction of the manufactured gene, 
35 codon usage is selected on the basis of "preferences" 

of the projected expression host {e.g., B.coli ) according 
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t the data set out In Grantham, et al. r Nucleic Acids 
Research, 8, pages r49-r62 (1980) | Grantham, et al., 
Nucleic A cids Research, 8, pages 1893-1912 (1980); and 
Grantham, et al. r Nuclei c AcidB Research , 9, pages r43- 
5 r74 (1981). see, also, Bennetzen, et al., J.Biol.Chenu , 
257 , pp. 3026-3031 (1982)? and Grosjean, et al,, Gene , 
18, pp. 199-209 (19B2). 

The codons employed in generating the Type I 
TGP structural genes of Tables II and ill are among those 
10 enabling maximal expression in E.cpli . Numerous changes 
may be made to facilitate expression and/or facilitate 
manipulations involved in generating structural genes 
coding for Type I TGF analogs. As an example, by em- 
ploying alternative codons, it was possible to introduce ; 
15 two unique, internal restriction sites at the first third 
and last third of the genes (i.e., Ncol and SphI ) . This 
permits each gene to be altered or spliced where desired 
to adapt to further species specific changes in the amino 
acid sequence. The Bglll recognition site prior to the 
20 termination codons permits additional sequences to be 

added where desired. Codon changes may also be employed 
to alter secondary structure present in the manufactured 
structural gene. 

At that end of each gene which specifies the 
25 amino terminal residues of the polypeptide to be expressed 
(Met" 1 , Val 1 , etc.) there are provided bases forming the 
sticky end of a selected restriction endonuclease enzyme 
recognition site (here, illustratively, a BamHI Bticky 
end). At the end of each gene which specifies the carboxy 
30 terminal residue of the polypeptide (Ala 50 ) there are 
provided translation stop codons (e.g., TAA, TAG) and 
bases forming a sticky end of a similarly selected re- 
striction endonuclease recognition site (here, illustra- 
tively, a Sail sticky end). It will be understood that 
35 one or more entire, duplex endonuclease recognition sites 
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may be provided at each end which can be enzyme treated 
to form a selected sticky end in the course of insertion 
into a vector. 

A "leader" DHA sequence may be provided at the 
5 5* end of the- coding strand to provide alternate restric- 
tion endonucleaee recognition sites, permitting the Type 
I TGF sequence to be inserted behind selected promoter/ 
operators. As an example, the leader DNA sequence set 
out below facilitates insertion of a Type I TGF gene 

10 adjacent to a synthetic T5 early promoter replica dna 
sequence (specif ically, the T5A-lac promoter/operator 
sequence, disclosed in co-owned, co-pending U.S. Patent 
Application serial No. 521,959 by Banks, et al., filed 
August 10, 1983 and entitled "Enhancement of Microbial 

15 Expression of Polypeptides", which is incorporated by 

reference herein), or the XP L promoter [see, e.g., 

Shimatake, et al.. Nature , 292 ; 128-132 (1981)] or the 

commonly used t rp promoter for direct expression: 

-8 -7 -6 -5 -4 -3 -2 -1 

20 Met **ys Lys Tyr Trp He Gin Met 

5 ! -<3AA TTC TCT AG A ATG AAG AAA TAT TGG ATC CAG ATG-3 1 
EcoRl Xbal BamHl 

The Xbal site permits the polypeptide coding sequence 
to be inserted 3' to a trp promoter for production of 

25 a polypeptide having a short "pro" polypeptide sequence 
oleavable at Met" 1 with cyanogen bromide. The leader 
DNA sequence with its EcoRl recognition site also enables 
the construction of a fusion peptide with the g-galacto- 
sidase enzyme, which also possesses an EcoRl recognition 

3 q site intermediate in the gene coding sequence. A leader 
DNA sequence as above may bo manufactured at the same 
time as the structural gene or added by insertion of the 
structural gene into a plasmid already incorporating the 
sequence » 

„ Novel Type I TGF analog genes coding for 

microbial expression of polypeptide sequences differing 
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from the natural Type I TGF sequence may also be prepared 
by altering the base sequences of selected oligonucleo- 
tides and repeating the ligation step to obtain the new 
genes. For example, by altering oligonucleotide numbers 
5 2 and 9 in rat Type I TGF, the codon specifying lysine 
at residue 7 may be changed to one specifying aspartic 
acid, which is the residue at position 7 of human Type 

1 TGF. The codon modification in oligonucleotide number 

2 would be from S^AAA-O 1 to S'-GATO 1 or S'-GAC-a 1 . 

10 The modification in rat Type 1 TGF oligonucleotide number 
9 would be from S'-TTT-S'.to S'-CTA-S 1 or S'-CTG-S 1 . 

Similarly by altering rat Type I TGF oligo- 
nucleotide numbers 3 and 10, and changing the tyrosine at 
residue 15 to phenylalanine, the sequence becomes more 
15 similar to the human sequence. The codon modifications 
in oligonucleotide number 3 are from 5 f -TAC-3' to 
S^ttC-S 1 . in oligonucleotide number 10, the comple- 
mentary codon changes are from 3 f -ATG-5' to S'-AAG-S 1 . 

Several codon modifications can be employed 
20 to alter the sequence of any desired amino acid to any 
other amino acid accordingly. 

The following examples relate to procedures 
for construction of expression vectors for use in trans- 
formation of microbial host cells to secure expression 
25 0 f certain Type I TGF polypeptide products of the 
invention. 

EXAMPLE 3 
A. Construct ion of Pi asm id PAPH15 

30 

The 166 base pair manufactured Type I rTGF gene 
illustrated in Table II of Example 2 and having 'BamHI 
and gall sticky ends was inserted into a similarly 
digested E.coli pBR322 derived cloning vector pTP which 
35 contains the leader DNA sequence of Example 2 having 
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BcoRI and xbai restriction endonuclease enzyme recogni- 
tion sites located 5 1 to its BamHl restriction endonu- 
clease enzyme recognition site. Resulting plasraid pADH12 
contained the Type I TGF gene sequence 3 1 to the following 
5 DNA leader sequence already present in the original 
vector: 

5'-GAA TTC TCT AG A ATG A AG AAA TAT TGG ATC C-3 « . 
EcoRl xbai BaraHI 

Clones with the gene were characterised by polyacrylaaide 

1Q gel electrophoresis to verify the estimated molecular 
weight for the Type I TGF structural gene* 

PADH12 was cleaved with restriction endonuclease 
enzymes X^?I and Sail, and the small fragment containing 
bases coding for the leader sequence -followed by the 166 

15 base pair Type I tgf coding sequence was inserted into 
a similarly-digested p5R322-der ived expression plasmid 
pInt-Y-txB4 which contains a tryptophan synthetase (tr£) 
promoter sequence and an Xbai site 3» to a Shine/Dalgarno 
sequence followed by a structural gene coding for another 

20 Polypeptide. See, co-owned, co-pending U.S. Patent 

Application Serial No. 483,451 f by Alton, et al., filed 
April 15, 1983 [PCT international Publication No. 
WO83/04053, published November 24, 1983J and entitled 
"The Manufacture and Expression of Large Structural 

25 Genes", which is incorporated by reference herein. The 
resulting plasmid, pADH15, therefore has the Type I rTGF 
gene placed under the control of the trg promoter. The 
insertion of the leader sequence and Type I rTGF gene 
In the correct orientation has been verified by restric- 

30 tion enzyme analysis and molecular weight sizing using 
polyacrylamide gel electrophoresis. 

Vector pADH15 is employed as an expression 
vector in an E.coli host to generate a polypeptide 
product which includes a "pro" sequence of 8 amino acids 

35 as follows; NH 2 -Met" 8 -Lys"* 7 -Lys" 6 -Tyr" 5 -Trp" 4 -Ile" 3 - 
Gln^-Met" 1 - [TGF] -CO0H. 
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B. Construction of Elasmid pADH96 

Upon association of the manufactured Type I 
rTGP structural gene with a suitable promoter/operator 
5 (t££) within plasmid pADHlS, further manipulations were 
performed in an attempt to generate an expression vector 
which would provide for high levels of E.coli expression 
of the desired protein. These manipulations involved 
use of a plasmid which is the subject of co-owned, co- 
10 pending, U.S. Patent Application Serial No, 52l,964 r by 
Morris/ filed August 10, 1983 and entitled "DNA Plasmids". 
The disclosures of said application are specifically 
incorporated by reference herein. Briefly noted f plasmid 
PCFM414 (A.T.C.C. 40076), employed in the construction, 
15 includes a temperature-sensitive mutation in the copy 
control region, upon transformation with this vector, 
host cell cultures grown at 30°C will have a low number 
of copies of the plasmid. The plasmid copy number 
increases fifty-fold (i.e., "runs away") within the host 
20 cells upon elevation of the culture temperature above 
34°C. Growth at 37°C will ordinarily be lethal to the 
cells. 

The specific manipulations involved in construc- 
tion of a vector using A.T.C.C. 40076 were as follows. 

25 Plasmid pADHlS was digested with EcoRI (5 1 to the tr£ 
promoter) and Sail to generate an approximately 480 base 
pair fragment including the Type I r TGF structural gene, 
codons for the leader sequence and the associated trj> 
promoter/operator . Plasmid pCPM414 was digested with 

30 EcoRI and Xhol and the large fragment was isolated. The 
EcoRI /Sal I fragment containing the Type I TGP gene from 
pADHlS was then ligated with the large EcoRI / XhoI fragment 
of PCPM414 to generate plasmid PADH96. While this con- 
struction retained an intact EcoRI recognition site and, 

35 while ligation of the complementary sticky ends of £«±± 
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and Xhol did not restore eithor recognition site,- a BamHI 
site adjacent to the Xhol site of pCFH414 was retained. 
It is also noteworthy that this construction resulted 
in the placement of the Type I rTGF structural gene 5* 
5 to transcription terminator sequence, Toop, present 3 1 
to the Xhol site in pCFM414. 

The above procedures provide for construction 
of PADH96 by incorporation of gene of Table II into first 
and second intermediate plasraids (PADH12 and pADH15 

10 wherein the gene was first associated with a leader 

sequence and then with the tr£ promoter), prior to its 
insertion into pCFM414 cut with ecori and Xhol. A dupli- 
cate plasroid could be constructed by adding a "linker" 
sequence including a B amHI sticky end to the Table II 

15 gene at the terminal Sail sticky end and inserting in 
the correct orientation the resulting BanHI (double) 
sticky-ended sequence into the large fragment resulting 
from BamHI digestion of plasroid pADH59 disclosed in the 
above-noted applicants' co-pending U.S. Patent Applica- 

20 tion Serial No. 486,091 f filed April 25, 1983 [PCT 
International Publication No. WO83/04030, published 
November 24, 1983], entitled "The Manufacture and Ex- 
pression of Genes for Urogastrone and Polypeptide Analogs 
Thereof", the disclosures of which are incorporated by 

25 reference herein. 

Flasmid pADH59, which is harbored in E.coll 
JM103 cells deposited as ATCC 39335, includes a manufac- 
tured gene coding for urogastrone, a leader sequence as 
described above and the trp promoter/regulator derived 

30 from pInt-y-txB4, all inserted into pCPM414, The 

urogastrone gene is excisable by means of BamHI digestion, 
leaving as the large fragment a precise duplicate of 
PADH96 if it were subjected to the same enzymatic 
digestion, if, therefore, the Table II manufactured 

35 sequence is provided with a linker including the fol« 
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lowing sequence, 5 '~^!^ctag-5' ' lt can be in6erted 
into the BamHl digestion product of pADH59 to yield a 

duplicate of pADH96. 

5 EXAMPLE 4 

A. Construction of Plasmid pADH123 

The 166 base pair manufactured Type I hTGF gene 

illustrated in Table III of Example 2, having BaroHI and 

10 Sail sticky ends, was amplified by insertion into a 

similarly cleaved Ml3mp9 vector, resulting in plasmid 

PADH120. The Type I hTGF gene was thereafter cleaved 

with BamHl/ Sall from pADH120 and inserted into BamHl/Sall- 

digested pADH25. PADH25 was also previously described 

15 in the above-noted U.S. Patent Application Serial No. 

486,091. Briefly put, PADH25 contained a portion of a 

pBR322-derived plasraid (plNT-y-Txb4) with a manufactured 

xbai site following the tr£ promoter/regulator sequence, 

a DNA "linker" sequence constructed with an internal Xbai 

20 recognition site as set out below 

EcoRI Xbai BamHI 

GAA TTC TCT AGA ATG AAG AAA TAT TG 

AGA TCT TAC TTC TTT ATA ACC TAG 

and a manufactured urogastrone sequence. 

25 pADH25 was digested with BamHI/Sall to remove 

the sequence coding for uroga6trone and the BamHI/Sall 
Type I hTGF sequence was inserted therein, thus producing 
expression vector pADHl23. Vector pADHl23 was employed 
as an expression vector in an E.coli host to generate 

30 a polypeptide product which includes the 8-amino acid 
"pro" sequence identified in Example 3A above. 

B. construction of Pla smid PADH131 

35 procedures similar to those described for the 

enhanc d expression of Type I rTGF in Example 3B above 
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were followed for the Type I hTGF manufactured sequence. 
Plasmid PADH123 was digested with Ecori (5' to the tr£ * 
promoter) and Sail to generate an approximately 480 base 
pair fragment including the Type I hTGF structural gene, 
codons tor tUe leader sequence and the associated trp 
promoter/operator. Plasmid pCFM414 was digested with 
Ecori and Xhoi and the large fragment was isolated. The 
BcoRl/Sali fragment containing the Type i hTGF gene from 
PADH123 was then ligated with the large EcoRi/ xhoI frag- 
ment of PCFM414 to generate plasmid pADHl31, thereby 
placing the Type I hTGF structural gene 5« to tranacrip- 

site in pCFM414. This construction retained an intact 
Ecori recognition site but ligation of the complementary 
sticky ends of Sail and xhoi did not restore either 
recognition site. A BamHI site adjacent to the Xhoi site 
of PCFM414 was retained. 

The following example relates to microbial 
expression of desired Type I TGF polypeptides of the 
20 invention. 

EXAMPLE 5 
Expression of Type I tgf 

25 Plasmid pADH96 {Example 3B) was transformed 

into B.coli strain JM103 and grown in L-broth. clones 
with the correct Type I rTGF fragment were isolated and 
characterized by polyacrylamide electrophoresis. A 
product of the correct estimated size for Type i rTGF 
polypeptide was visualized by staining of the gel. 

Plasmid PADH131 {Example 4B) was transformed 
into B.coli strain JM103 and grown in L-broth. clones 
with the correct Type I hTGF fragment were isolated and 
characterized by polyacrylamide electrophoresis. A 
product of the correct estimated size for Type I hTGF 
polypeptide was visualized by staining of the gel. 



30 



35 
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The following example relates to the determina- 
tion of biological activity of the Type I TGP polypeptides 
of th* present invention. 

EXAMPLE 6 

5 

prior to performance of the following three 
assays, the Type 1 rTGF and Type I hTGF polypeptides 
including the 8-aroino acid leader expressed by pADH96 
and PADH131 in E.coli (Example 4) was recovered from the 

10 host cells through the solubilization and serial reducing 
and oxidizing treatments described in co-owned , co-pending 
U.S. Patent Application Serial No. 521,908, by Banks r 
filed August 10, 1983 and entitled "Enhancement of Bio- 
logical Activity of Microbially Expressed Polypeptides . 

15 and the disclosures of said application are specifically 
incorporated by reference herein. 

A. EGF Radioreceptor Assay 

20 An EGF radioreceptor assay was performed ac- 

cording to the procedures described in Marquardt, et al., 
PNAS (USA) , 80 , supra at page 4685, employing either the 
Type I rTGF or Type I hTGF polypeptide of the present 
invention and A431 human epidermoid carcinoma cells. 

25 The Type I rTGF and Type I hTGF of the present invention 
were each found to be biologically active in this assay, 
competing with 125 I-EGF for binding to the EGF receptors 
on the A431 cellB. 

30 b. Tritiated Thymidine Uptake Assay 

A 3 B-thymidine uptake assay essentially ac- 
cording to procedures described in Hollenberg, M., et al,, 
j.Biol.Chero. , 250 , 3846-3853 (1975) was performed em- 
35 ploying the Type I rTGF polypeptide of the present inven- 
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tion and human foreskin fibroblasts. The Type I rTGF 
of the present invention was determined to be mitogenic 
in this assay, and therefore biologically active, 

5 c » 5S.£iLJ;9gE- Colony For ming Assay 

The Type I rTGF and Type i hTGF polypeptides 
of the present invention were also assayed for biological 
activity through a Soft Agar Colony Forming Assay ac- 
10 cording to procedures described in Marquardt, h., et al., 
J.Bipl.Ch em., 257, su£ra at page 5221, using normal rat 
kidney fibroblasts. Biological activity of the Type i 
rTGF and Type I hTGF polypeptides was confirmed by the 
formation of colonies on the soft agar in this assay. 

15 

D. Antibody Development 

Research efforts are presently directed to the 
generation of antibody substances to the polypeptides 

20 discussed and disclosed herein. More specifically, 

procedures for the development of monoclonal antibodies 
to Type I hTGF and Type I rTGF are currently ongoing. 
It has been preliminarily determined, however, that mice 
immunized with the recombinant Type I hTGF which had been 

25 reduced with dithiothreitol (which disrupts the three 
disulfide bonds of the molecule) produced polyvalent 
antibody in serum. In preliminary tests this antibody 
has proven capable of recognizing Type I rTGF obtained 
from bona fide biological sources when reduced with 

30 dithiothreitol. In addition, it recognizes recombinant 
dithiothreitol-reduced Type I rTGF, and its imraunogen 
recombinant dithiothreitol-reduced Type I hTGF. The 
antibody, however, has not presently shown any recogni- 
tion of Type I rTGF in its natural biological eonforma- 

35 tion. 
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It is further expected that both polyvalent 
and monoclonal antibody substances may be developed 
against polypeptide analogs of rTGF and hTGF and polypep- 
tide fragments thereof by practice of conventional tech- 

5 niques ki,own co those skilled in immunological research, 
[See, e.g., techniques for development of hybridoraa cell 
lines described in Paul (ed.) # Fundam ental Immunology , 
Ch» 28, pp. 751-765, Raven Press, New York (1981) and 
references cited therein.] Of particular interest is 

10 the development of monoclonal antibodies to the Type I 
TGF polypeptides, analogs and fragments for potential 
use as reagents in diagnostic assays for the quantitation 
and detection of Type I TGF from biological sources. 
The following example relates to procedures 

15 for construction of expression vectors for use in trans- 
formation of microbial host cells to secure expression of 
hybrid polypeptide products of the invention comprising 
hybrid polypeptides incorporating a portion of the amino 
acid sequence of rat Type I TGF and a portion of the 

20 amino acid sequence of human urogastrone (hBGF) . 



EXAMPLE 7 

A* Construction of Plasmids 
pADHSS and PADHIOO 

A hybrid gene coding for the first 32 amino 
acids at the amino terminus of Type I rTGF and the last 
22 amino acids at the carboxy terminus of human EGF was 
constructed according to the following procedures, 
Plasmid pADH25, a pBR322-der ived plasmid containing the 
trp promoter and a DNA sequence coding for an 8-amino 
acid "pro" sequence, followed by a gene coding for 
urogastrone (EGF) , ao disclosed in the aforementioned 
U.S. Patent Application Serial No. 486,091, was digested 
with BamHI and Sjohl. The coding region for the first 
32 amino acids of human EGF was thereby excised from 
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plasmid pADH25 f which was then treated with bacterial 
alkaline phosphatase. Plasmid PADK12 {Example 3A) con- 
taining the Type I TGF structural gene was similarly 
digested with BamHI and S phI and the 101 base pair 
5 BamHi/ S^lii fragwent was isolated by polyacrylamide gel 
electrophoresis. The isolated Type I TGF fragment from 
PADH12 was then mixed with the BamHl/SEhl-digested 
fragment from plasmid pADH25 containing the tr£ promoter 
and Incubated with DNA ligase to provide, upon trang- 

10 formation into B.coli JM103, plasmid PADH55 coding for 
the Type I TGF-EGF hybrid protein. 

PADH55 isolated from JM103 culture was then 
digested with EcoRl and Sail to excise the complete trp 
promoter and the gene coding region providing for the 

15 first 32 amino acids of Type I TGF and last 22 amino 
acids of EGF. This fragment was then ligated into 
EcoRI/ Xhol-digested pCFM414 as described for the genera- 
tion of pADH96 in Example 3B above to place the promoter- 
gene fragment in the resulting temperature-sensitive high 

20 expression plasmid pADHlOO. 

Because the Type I hTGF sequence similarly has 
the same SpHI restriction site designed into Type I rTGF, 
the hybrid Type I ^ f TGF 1-32 /hEGF 32-53 can similarly be 
formed and expressed by one skilled in the techniques 

25 described above. 

B* Construction of Plasmids 
PADC530 and pADC533 

30 A hybrid gene coding for the first 31 amino 

acids at the amino terminus of human EGF and the last 18 
amino acids at the carboxy terminus of Type I rTGF was 
constructed as described in the following manipulations, 
Plasmid pADH25 (Example 7A) was digested with SpHI and 

35 Sail to excise the coding region for the last 22 amino 

acids of EGF and thereafter the pADH25 fragment containing 
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the t£E promoter was treated with bacterial alkaline 
phosphatase. Plasmid pADH!2 containing the Type I TGP 
structural gene was similarly digested with SpHI and Sail 
and the SgHI/Sall fragment isolated by polyacrylamide 

S gel electrophoresis • The isolated fragment from pADHl2 
was then Incubated with the promoter-containing fragment 
from digested plasmid pADH25 and DNA ligase to provide 
plasmid pADC530, which codes for the EGF-Type I TGF 
hybrid protein upon transformation into E.coli JK103. 
10 p A DCS 30 isolated from JM103 culture was then 

digested with EcoRI and Sail to excise the complete trp 
promoter and gene coding region for the first 31 amino 
acids of KGF and last 18 amino acids of Type I TGF. This 
fragment was then ligated into EcoRl/XhoI- digeeted ; 

15 pCFM414 as described above, resulting in the promoter- 
gene fragment in the temperature-sensitive high expression 

plasmid pADC533. 

As described above , the analogous hybrid 
hEGF 1-31 /rype 1 hTGF 33-50 may also be designed and 
20 expressed employing the procedures recited above. 

The following example relates to microbial 
expression of desired Type I TGF/EGF hybrid polypeptides 
of the invention. 

25 EXAMPLE 8 

Ex pression of Type I TGF/EGF Hybrids 

Plasmid pADHlOO, transformed into E.coli strain 
JM103 and grown in L-broth expressed, the hybrid polypep- 
30 tide {designated "Type I rTGF 1 . 32 /bEGF 32 ^ 53 -) , containing 
the first 32 amino acids of Type I TGF and the last 22 
amino acids of EGF, at approximately 80 mg/OD-liter* 

The hybrid polypeptide (designated *hEGFj_ 31 / 
Type I ^ F 3 3 .50 W) containing the first 31 amino acids 
35 of EGF awl the last 18 amino acide of Type 1 TGF in the 
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temperature-sensitive high expression plasmid pADC533, 
transformed Into E.coli JH103 and grown in L-broth, was 
quantified at approximately 80 mg/OD~liter, 

5 The foregoing illustrative examples are prin- 

cipally directed to construction of manufactured struc- 
tural genes for Type I TGF and analog polypeptides and 
for Type I TGP hybrid polypeptides which are suited for 
use in direct expression and fusion product expression 
10 in hoet cells. Manufactured genes could readily 

be constructed in a manner especially well suited for 
direct expression in yeast cells through use of yeast 
preference codons. Further, the procedures of co-owned , 
co-pending U.S. Patent Application Serial No. 487,753, 
filed April 22, 1983, by Bitter and entitled "Secretion 
of Exogenous Polypeptides from Yeast" could be employed 
to secure yeast expression coupled with secretion of 
polypeptide products into the growth medium. In such 
a case it would be unnecessary to provide a methionine- 
specifying, translation initiating ATG codon 5V to the 
Type I TGF-specifying codons. 

While the foregoing illustrative examples 
specifically relate to synthesis of hybrid polypeptides 
involving rat Type I TGF and human EGF fragments. It will 
be understood that hybrids involving the human or other 
species Type I TGF sequence are within the contemplation 
of the invention. 

Further, while certain of the examples relat 
to hybrids comprising approximately one-third of the 
sequence of residues of Type I TGF or EGF and two-thirds 
of the sequence of residues of the alternative growth 
factor, it should be understood that other forms of 
hybrid polypeptides can be synthesized which may possess 
valuable composite biological activities. Analysis by 
35 the methods of Hopp and woods, PNAS (USA) , 78, 3824 
(1981) reveals, for example, that naturally-occurring 
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Typo I TGF includes three principal hydrophilic regions. 
These are located, respectively, at or near residues 8, 
28, and 44, Additionally , preliminary studies carried 
out on synthetic fragments of EGP have tentatively 
5 identified the central region of the polypeptide as being 
highly significant to binding to EGP receptors on cells. 
It is thus projected that hybrid polypeptides comprising 
amino and carboxy terminal portions duplicating those 
of Type I TGF and central portions duplicating EGP may 
10 display desirable Type I TGF-like properties and yet have 
desirable characteristics which are equivalent to those 
of naturally-occurring EGF. 

products of the present invention and/or anti- 
bodies thereto may be suitably "tagged", for example 
radiolabeled (e.g., with I 125 ) conjugated with enzymes 
or fluorescently labelled, to provide reagent materials 
useful in assays and/or diagnostic test kits, for the 
qualitative and/or quantitative determination of the 
presence of such products and/or said antibodies in fluid 
samples. Such antibodies may be obtained from the 
inoculation of one or more animal species (e.g., mice, 
rabbit, goat, human, etc.) or from monoclonal antibody 
sources . Any of such reagent materials may be used alone 
or in combination with a suitable substrate, e.g., coated 
25 on a glass or plastic particle or bead. 

Numerous modifications and variations in the 
practice of the invention are expected to occur to those 
skilled in the art upon consideration of the foregoing 
illustrative examples. Consequently, the invention 
30 should be considered as limited only to the extent 
reflected by the appended claims, 

ATCC M007B was deposited with American Type Culture 
Collection on21st July, 1984. A'fOC w: -,s deposited with A.T.G.C. on 
n# " *The features disclosed in the Foregoing description and in 

35 the following claims, may. both separately and in any combination thereof, 
be material for realising the invention in diverse forms thereof. 



20 
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CLAIMS 

1. A manufactured gene capable of directing 
the syntho&is in a selected host microorganism of Type 
X Trans f osm i tivj Growth Factor polypeptide. 

2. A manufactured gene according to claim l 
wherein the base sequence includes one or more codons, 
selected from among alternative codons specifying the 
same amino acid, on the basis of preferential expression 
characteristics of the codon in a projected host micro- 
organism. 

3. A manufactured gene according to claim 1 
wherein the base sequence includes one or more codons, 
selected from among alternative codons specifying the 
same amino acid, on the basis of preferential expression 
characteristics of the codon in B.coli . 

4. A manufactured gene according to claim 1 
wherein base codons specifying Type I Transforming Growth 
Factor include initial and/or terminal codons respectively 
specifying additional initial and/or terminal amino acids 
in the polypeptide synthesized. 

5. A manufactured gene according to claim 4 
wherein said initial codons specifying additional initial 
amino acids are codons specifying an initial methionine 
residue. 

6. A manufactured gene according to claim 4 
wherein said initial codons specifying additional initial 
amino acids are codons specifying the following amino 
acid leader sequence; 

NH 2 -Met-Lys-Ly9-Tyr-Trp-ile-Gln-Met-COOH. 
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7. A manufactured gen according to claim 6 
wherein B*id leader initial codons comprise the following 
sequence of bases: 

5 1 -ATG AM. AAA TAT TGG ATC CAG ATG-3 ' . 

5 

8. A manufactured gene according to claim 1 
wherein tbe base codons specifying Type I Transforming 
Growth Factor are preceded and/or followed by and/or 
includes a sequence of bases comprising a portion of a 

10 base sequence which provides a recognition site for 
restriction endonucleaee enzyme cleavage. 



9. A manufactured gene specifying rat Type 

I Transforming Growth Factor according to either of 

15 claims 1 or 4 or 8 wherein the base sequence comprises 

the following: 

10 20 30 40 50 

. • • • • 

GATCCAGAfrG GTAGTTTCTC ATTTCAACAA ATGCCCGGAC TCTCACACTC 

GTCTAC CATCAAAGAG TAAAGTTGTT TACGGGCCTG AGAGTGTGAG 



20 



BamHI go 70 80 90 100 

. * • • * 

AGTACTGCW CCATGGTACT TGCCGTTTCC TGGTACAGGA AGAGAAACCG 

TCATGACGAA GGTACCATGA ACGGCAAAGG ACCATGTCCT TCTCTTTGGC 

110 NC01 120 130 140 150 

» • • • • 

GCATGCGTAT GCCATTCTGG TTACGTTGGC GTACGTTGCG AACATGCAGA 

CGTACGCATA CGGTAAGACC AATGCAACCG CATGCAACGC TTGTACGTCT 

25 "Wwp 

TCTGCTGGCT TAATAG 
AGACGACCGA ATTATCAGCT 

Sail 



30 



10. A manufactured gene capable of directing 
the synthesis in a selected host microorganism of a Type 
I Transforming Growth Factor polypeptide analog which 
differs therefrom in terms of the identity and/or loca- 
tion of one or more amino acids. 

35 11. A manufactured gene according to claim 10 

wherein the base sequence includes one or more codons r 
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selected from among alternative codons specifying the 
same amino acid, on the basis of preferential expression 
characteristics of the codon in a projected host micro- 
organism. 



12. A manufactured gene according to claim 

U wherein the base sequence includes one or more codons, 
selected from among alternative codons specifying the 
same amino acid, on the basis of preferential expression 
characteristics of the codon in E.coli . 

13. A manufactured gene according to claim 

10 and specifying a rat Type x Transforming Growth Factor 
polypeptide analog selected from the group consisting 
oft f Asp ] rTGF, [Phe 15 ] rTGF, [Asp 28 ] rTGF; [Ala 41 ] rTGF, 
[Met ] rTGF, and [Met** 8 , Lys" 7 , Lys" 6 , Tyr" 5 , T rp" 4 , 
lie" 3 , Gln~ 2 f Met' 1 ] rTGF. 



14. a manufactured gene according to claim 
10 and specifying a human Type I Transforming Growth 
Factor polypeptide analog selected from the group con- 
sisting of, [Met" 1 ] hTGF and [Met -8 , LytT 7 , Lys -6 , ^-5, 
Trp" 4 , lie" 3 , Gin" 2 , Met" 1 ] hTGF. 

15. A manufactured gene according to claim 
10 wherein base codons specifying a Type I Transforming 
Growth Factor polypeptide analog Include initial and/or 
terminal codons respectively specifying additional 
initial and/or terminal amino acids in the polypeptide 
synthesized . 

16. A manufactured gene according to claim 10 
wherein said initial codons specifying additional initial 
amino acids are codons specifying the following amino 
acid leader sequence i 

NH 2 -Met-Lys-Lys-Tyr-Trp-Ile-Gln~Mefc-COOH. 
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17. A manufactured gene according to claim 16 
wherein said leader initial codona specifying said amino 
acid pro sequence comprise the following sequence of 
bases i 

5 5»-ATG AAG hhh TAT TGG ATC CAG ATG-3 1 • 

18. A manufactured gene according to claim 

10 wherein the base codons specifying Type I Transforming 
Growth Factor polypeptide analog are preceded and/or 
10 followed by and/or include a sequence of bases comprising 
a portion of a base sequence which provides a recognition 
site for restriction endonuclease cleavage of a DNA 
sequence . 

15 19. A fusion gene comprising a manufactured 

gene according to either of claims 1 or 10 fused to a 
second gene capable of directing synthesis of a second 
polypeptide in a manner permitting the synthesis of a 
fused hybrid polypeptide including the polypeptide 

20 products coded for by the manufactured genes of either 
of claims 1 or 10. 

20, A manufactured fusion gene capable of 
directing the synthesis in a selected host microorganism 
.25 of a polypeptide comprising a selected portion of the 

amino acid sequence of Type I Transforming Growth Factor 
and a selected portion of the amino acid sequence of 
Epidermal Growth Factor. 

30 21. A manufactured fusion gene capable of 

directing the synthesis in a selected host microorganism 
of a polypeptide comprising the first 32, amino terminal, 
amino acid residues of Type I Transforming Growth Factor 
and the last 22 r carboxy terminal, amino acid residues 

35 of human Epidermal Growth Factor. 
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22. A manufactured fusion gene capable of 
directing the synthesis in a selected host microorganism 
of a polypeptide comprising the first 31, amino terminal, 
amino acid L-^siduea of human Epidermal Growth Factor and 
the last 18, carboxy terminal, amino acid residues of 
Type I Transforming Growth Factor. 

23. A biologically functional DMA microorgan- 
ism transformation vector including a manufactured gene 
according to either of claims 1 or 10* 

24. A biologically functional DKA microorgan- 
ism transformation vector including a fusion gene 
according to claim 19. 

25. A biologically functional DNA microorgan- 
ism transformation vector including a fusion gene 
according to either of claims 20, 21, or 22, 

26. A vector according to claim 23 which is 
a circular DNA plasraid. 

27. A vector according to claim 24 which is 
a circular DNA plasraid. 

28. A vector according to claim 25 which is 
a circular DNA plasmid, 

29. A microorganism transformed with a vector 
according to claim 23. 

30. A microorganism transformed with a vector 
according to claim 24. 

31. A microorganism transformed with a vector 
according to claim 25, 
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32. A process for the production of Type I 
Transf oraing Growth Factor polypeptide comprising: 

growing, under appropriate nutrient conditions, 
microorganisms transformed with a biologically functional 
5 DNA inolu,iir,^' a manufactured gene according to either 
of claims 1 or 10, whereby said microorganisms express 
said gene and produce Type I Transforming Growth Factor 
polypeptide. 

10 33. A process according to claim 32 wherein 

the microorganisms grown are E»coli microorganisms. 

34. A polypeptide product of the expression 
in a microorganism of a manufactured §ene according to 

15 either of claims 1 or 10. 

35. A product according to claim 34 which is 
selected from the group consisting oft [Met" 1 ] rTGFi 
[Met -1 ] hTGF; [Asp 7 ] rTGF; [Phe 15 ] rTGF; [Ala 41 ] rTGF; 

20 [Asp 28 ] rTGF; [Met" 8 , Lys" 7 , Lye" 6 , Tyr" 5 , Trp" 4 , lie" 3 , 
Gin" 2 , MGt" 1 ] rTGF; and [Met" 8 , Lys" 7 , Lys" 6 , Tyr" 5 , 
Trp" 4 , He" 3 , Gin" 2 , Met" 1 ] hTGF. 

36. A polypeptide product of the expression 
25 in a microorganism of a manufactured gene according to 

claim 19. 

37. A polypeptide product of the expression 
in a microorganism of a manufactured gene according to 

30 either of claims 20, 21, or 22. 

38. A reagent material comprising a radio- 
labelled manufactured gene according to either of claims 
1 or 10. 

35 
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39. a reagent material comprising a radio- 
labelled polypeptide product of claim 34, 36, or 37. 

40. a reagent material according to claim 38 
wherein ciid tadiolabel is I 125 . 

41. A reagent material according to claim 39 
wherein said radiolabel ia i 125 . 

42. A reagent material comprising a tagged 
antibody to a polypeptide according to claim 34, 36 or 
37 coated on the surface of a plastic bead. 

43. An antibody eubBtance capable of binding 
to a Type I Transforming Growth Factor polypeptide or 
polypeptide analog or fragment thereof. 

44. An antibody substance according to claim 
43 which is a polyvalent antibody. 



45. An antibody substance according to claim 
43 which is a monoclonal antibody. 
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